INTRODUCTION
Payment for ecosystem services (PES) is an approach to environmental management that uses cash payments or other compensation to encourage ecosystem conservation and restoration. We define PES to include direct payments from ecosystem service beneficiaries to land stewards, as well as indirect payments earned through eco-certified production (Food and Agriculture Organization 2007) . PES as defined here is therefore a subset of compensation and reward for ecosystem services, which is defined and analyzed elsewhere (Swallow et al. 2009 ). PES is implemented through contingent agreements between land stewards and ecosystem service beneficiaries such as private businesses, communities, and society as a whole (Wunder 2005) .
Throughout the developing world, critical ecosystem services are generated on rural lands owned or managed by low-income people, including natural forests, agroforests, farmland, and rangeland (Daily 1997 , Molnar et al. 2004 . As markets and compensation schemes for ecosystem services are established, low-income land stewards stand to benefit from the increased value placed on the services that these lands provide. Several studies have evaluated the degree to which low-income sellers of ecosystem services have benefitted or could benefit from PES (Landell-Mills and Porras 2002 , Grieg-Gran et al. 2005 , Pagiola et al. 2005 , Food and Agriculture Organization 2007 , Scherr et al. 2007b , Pagiola et al. 2008a , Peskett et al. 2008 ). The results indicate that PES does or could provide important livelihood benefits to poor people at the household or community level, whether in the form of cash payments or noncash benefits such as enabling the transition to more profitable and resilient land-use systems, establishing secure land tenure, or strengthening social capital and supportive local institutions. However, the overall size and effect of pro-poor PES have not been quantified; therefore, the potential for PES to Ecology and Society 15(2): 4 http://www.ecologyandsociety.org/vol15/iss2/art4/ alleviate rural poverty at a global scale over the next few decades is largely unknown.
Here, we address this important gap by providing quantitative estimates of the degree to which PES could benefit low-income rural land stewards as sellers of ecosystem services over the next two decades. To do this, we evaluate three aspects of ecosystem service markets: the total potential future size of these markets, the segment of these markets that could involve low-income land stewards, and the level of benefit that low-income people could derive from participation ( Fig. 1) . PES can also have significant effects on low-income ecosystem service beneficiaries and on PES nonparticipants. For example, urban water users in developing countries could realize benefits (e.g., cleaner water) and incur costs (e.g., higher water cost rates) associated with PES for watershed protection. Similarly, PES nonparticipants could derive indirect benefits from improved ecosystem stewardship on nearby lands or could be harmed by the re-allocation of land tenure and resource use rights associated with PES. These important issues are beyond the scope of our analysis, but are considered in several other studies (e.g., Wunder 2008 , Zilberman et al. 2008 ). In addition, we consider the potential effects of PES only on rural land stewards as providers of ecosystem services; we do not examine nonland-use-based ecosystem service markets or initiatives such as renewable energy projects for generating carbon offsets. First, we begin by reviewing the current scope and characteristics of PES markets globally with respect to each of the three factors identified above: total market size, pro-poor participation, and pro-poor benefit. Second, we identify and discuss key market and policy patterns and trends that are likely to affect the future development of these aspects of PES. Third, we synthesize this information to estimate the number of low-income land stewards that could participate in each market segment. Finally, we identify key leverage points for realizing the potential of PES to benefit the poor over the next two decades.
TOTAL MARKET SIZE
To understand opportunities for pro-poor PES, it is helpful to distinguish different segments of the PES market and analyze each according to its distinct attributes. For our purposes, we define a PES typology according to two variables: the type of service being transacted and the identity of the buyer. Market-like transactions have developed around four ecosystem service categories: biodiversity conservation, carbon sequestration, watershed protection, and landscape beauty and recreation (Landell-Mills and Porras 2002) . In addition, there are four categories of ecosystem service buyers ):
1. Public sector buyers: These buyers seek to protect the public good of ecosystem services on behalf of their constituencies. They include local, regional, and national governments, as well as quasi-public agencies such as the World Bank.
2.
Private sector buyers under regulatory obligation: These buyers are mandated to offset their environmental impacts by laws such as wetland mitigation requirements or greenhouse gas emissions trading schemes.
Private sector buyers acting voluntarily:
These buyers may purchase ecosystem services to support their business operations, to maintain a "green" brand image, or to adhere to principles of corporate social responsibility. This category also includes philanthropic buyers such as conservation nongovernmental organizations (NGOs) and individual consumers.
4.
Consumers of eco-certified products: These buyers participate in ecosystem service markets by paying a premium for products produced in more environmentally benign ways, such as shade-grown coffee that conserves biodiversity. Although the form of payment is less direct than in the other three categories, this market segment is important for low-income land stewards and is therefore included in our analysis.
Public sector buyers have historically been the largest purchasers of ecosystem services (Food and Agriculture Organization 2007), but this is changing as cap-and-trade programs for carbon, as well as various habitat mitigation schemes, promise to increase the role of private sector buyers acting under regulatory obligation. With this change, the global portfolio of PES is shifting from a preponderance of government programs financed by tax revenue, foreign aid, and loans to a greater Fig. 1 . Conceptual representation of the key factors influencing the potential of payment for ecosystem services to benefit low-income people. (A) Total size of PES markets, (B) degree to which low-income people can participate in these markets as sellers of ecosystem services, (C) degree to which participants actually benefit.
share of true market instruments driven by private demand and facilitated by the maturation of supporting institutions (Bracer et al. 2007 ).
We derived size estimates for each market segment by conducting a meta-review of existing PES projects and programs and classifying each project or program into the ecosystem service category that best describes its buyer type and principal conservation objective (Table 1) . However, many initiatives, including the large public PES programs in Europe and the United States, tend to purchase "bundles" of multiple environmental services or tend to be ambiguous with regard to the specific services procured. Thus, although the order-ofmagnitude market size calculations are fairly straightforward, the allocation among market segments is subject to differing interpretations.
PRO-POOR PARTICIPATION
Previous studies have identified a set of four sequential criteria that must be met for low-income households and communities to participate in PES: eligibility to participate, desire to participate, ability to participate, and competitiveness relative to prospective nonpoor sellers of ecosystem services (Pagiola et al. 2005 , Wunder 2008 ).
For low-income land stewards to be eligible to participate in PES, they must manage land or resources that provide or could provide ecosystem services demanded by buyers. Poor people who provide services that are ecologically valuable but not demanded by specific buyers are unlikely to benefit from PES (Southgate and Wunder 2007) . Eligibility is also contingent upon satisfying rules or criteria established by the PES market or program. To date, smallholders have been largely excluded from the regulatory carbon market because of limitations and complex rules related to land-use-based projects under the Kyoto Protocol's Clean Development Mechanism (Henman et al. 2008) . In addition, some government PES programs Lindsey et al. 2007 , Bishop et al. 2008 (D) Eco-certified products 0 n/a n/a n/a †Global value; value for developing countries in parentheses. ‡Many public sector PES programs promote more than one of the major ecosystem service categories in rural landscapes, making it difficult to segment these payments into individual ecosystem service categories. Such "bundling" or multi-functionality characterizes public-sector PES programs in the European Union, United States, China, Costa Rica, and other countries. We place these multi-objective payments in the category for which they are targeted most specifically, according to the program's enabling legislation, stated goals, or actual implementation. §http://www.nrcs.usda.gov/programs/farmbill/2008/ataglance.html. ¦This number includes habitat banking under the U.S. Endangered Species Act. However, wetland and stream mitigation banking pursuant to Section 404 of the U.S. Clean Water Act are classified under watershed protection because the principal regulatory basis for these markets is the protection and regulation of water quantity and quality. ¶These numbers refer to the total size of the global market for eco-certified forest and agricultural http://www.ecologyandsociety.org/vol15/iss2/art4/ products. Some unspecified fraction of this total amount can be considered the premium paid by consumers for the eco-friendly means of production. Biodiversity conservation is the ecosystem service most strongly associated with consumer demand for eco-certified production, but such production can also support watershed protection and carbon sequestration. #United Nations Framework Convention on Climate Change projects registered under the Clean Development Mechanism: http://cdm.unfccc.int/Statistics/Registration/RegisteredProjByScopePieChart. html.
† †The vast majority of this market volume is attributable to wetland and stream mitigation under Section 404 of the U.S. Clean Water Act. However, this figure includes only mitigation commitments satisfied by off-site banking and in-lieu payments. It excludes mitigation implemented by land developers themselves, which generally does not involve an ecosystem service payment or market transaction.
historically imposed eligibility criteria that disadvantaged the poor, such as requirements for legal land title and minimum area necessary for enrollment (Grieg-Gran et al. 2005) . However, when such requirements are absent, the poor have been able to participate in PES across a variety of settings, even when they are not targeted preferentially (Uchida et al. 2007 , Wunder and Albán 2007 , Muñoz-Piña et al. 2008 , Pagiola et al. 2008a ).
Spatial analyses indicate that poor people inhabit many of the lands that generate key ecosystem services in developing countries, suggesting a high degree of potential eligibility (Nelson and Chomitz 2007 , Sunderlin et al. 2007 , Pagiola et al. 2008b ). Thus far, the limited reach of PES worldwide has meant that only a small fraction of these low-income people have actually been able to participate. However, PES initiatives in China have involved perhaps 50 million or more low-income households (Uchida et al. 2007 , Bennett 2009 Land stewards who are eligible to participate in PES will generally desire to do so only if they perceive such participation to be economically beneficial. This will often be the case when the opportunity cost of participation is low or negative. The desirability calculus for many low-income households includes not only the opportunity cost of participation, but also the effect on household risk, labor requirements, and income diversification and timing (Lipper and Cavatassi 2004) . Household decisions may also be subject to higher discount rates than conventional economic analysis.
Low-income land stewards who are eligible and wish to participate in PES must still possess the skills, knowledge, resources, and tenure rights to enter into PES agreements and to deliver ecosystem services reliably. These factors are especially critical if the payment is contingent on actively implementing specific management activities, such as reforestation. The barriers to land-use investment for low-income households are well known and include a lack of access to capital or credit, poorly defined property rights, high discount rates, and risk aversion Cavatassi 2004, Wunder 2008) . At the community level, significant barriers might include lack of social capital, lack of administrative capacity, and lack of previous experience with market transactions. Despite these hurdles, participation can be facilitated by providing clear guidance on the management options that will yield payments, access to extension and technical assistance, and capacity building for local institutions. For example, poor and very poor farmers in Nicaragua have been able to participate in an asset-building PES scheme that involved transitions to intensive silvopastoral management http://www.ecologyandsociety.org/vol15/iss2/art4/ systems (Pagiola et al. 2008a ). In addition, marginalized populations are the main PES recipients in Mexico's payment for hydrological services program (Muñoz-Piña et al. 2008 ).
The final consideration for pro-poor participation is the competitiveness of low-income land stewards relative to nonpoor suppliers of ecosystem services.
Competitiveness is important when either poor or nonpoor land stewards could supply a particular demanded service. This is always the case with carbon sequestration but only sometimes the case with location-specific watershed protection, biodiversity conservation, and landscape beauty services. Because the poor tend to control small tracts of land, they are often at a competitive disadvantage because they have higher per-unit transaction costs than do larger landowners, who can sell a greater volume of ecosystem services per transaction (Pagiola et al. 2005 , Hamilton et al. 2007 ). In Indonesia, for example, carbon payments for smallholders were found to be feasible for farmers managing plots of 1.6 ha or larger, but infeasible for smaller farmers because of the proportionally higher transaction costs (Cacho and Lipper 2006) . However, these costs can be reduced through group participation schemes, cost-effective monitoring, improved information exchange, and subsidies from governments, NGOs, or aid programs (Smith and Scherr 2003) .
In contrast, the poor may be at a competitive advantage in PES markets that favor multi-objective projects providing social equity or sustainable development benefits. Instead of targeting PES strictly to maximize the cost-effectiveness of ecosystem service procurement, these contracts typically pay a premium for ecosystem services sourced from projects that provide social cobenefits without sacrificing the quality or reliability of the ecosystem services. Social co-benefits are already an important aspect of PES programs and market segments such as the World Bank's BioCarbon Fund, portions of the voluntary and regulated carbon markets, and biodiversity offset projects in developing countries (World Bank 2007 , Business and Biodiversity Offset Programme 2008 , Hamilton et al. 2008 ).
PRO-POOR BENEFITS
The aggregate benefit of PES for the poor depends not only on the total number of poor people who participate, but also on the magnitude of benefits that these participants derive. Empirically, poor people who participate in PES generally receive a net positive level of benefits from cash payments and/or other livelihood enhancements (Molnar et al. 2007) . In a review of more than six studies of Latin American PES programs, Wunder (2008) The level of payment that sellers receive depends partially on their ability to negotiate a fair price. Access to market information and supportive local institutions can improve the bargaining position of rural land stewards and communities . When poor people manage unique or nonsubstitutable resources such as endemic biodiversity, their bargaining power will be significant. However, for services that are more fungible, particularly carbon sequestration, prices will be dictated by larger market forces, and poor people may find little flexibility in the price offered.
Because PES often provides only supplemental income to low-income sellers of ecosystem services, an important aspect of pro-poor benefit is the extent to which participation enhances or undermines the broader livelihood strategies for the service providers. Ideally, market participation will increase stocks of natural, social, and human capital at the household and community level while improving resilience to environmental and economic shifts. Thus, in the context of the rural poor, PES should, and often does, constitute "coinvestment in assets," in which the payment itself is part of a broader strategy encompassing both environmental stewardship and sustainable livelihoods (van Noordwijk et al. 2007 ).
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TRENDS SHAPING THE POTENTIAL BENEFIT TO THE POOR FROM PAYMENT FOR ECOSYSTEM SERVICES
As PES markets evolve and grow, the conditions and patterns discussed above are subject to rapid transformation as a result of global trends; market development; and scientific, institutional, and policy innovations. We next discuss some of the most critical trends, processes, and innovations that are likely to shape pro-poor PES.
Regulatory framework
Environmental regulations are the basis for cap-andtrade programs that drive much of the private sector demand for ecosystem services. International regulation of carbon emissions continues to expand, with cap-and-trade programs under debate in the United States, Australia, and New Zealand. Expanded regulatory frameworks for carbon are likely to spur new demand for carbon offsets from developing countries, but the potential benefit to the poor depends heavily on the extent to which these regulations allow offsets from land use, land-use change, and forestry (LULUCF). Biodiversity conservation and watershed protection regulations remain weak or nonexistent in most developing countries. However, if developed country frameworks for environmental mitigation and offsetting are replicated or adapted in developing countries, significant new ecosystem service markets benefitting the rural poor could emerge.
Public sector programs and subsidies
Driven in part by international trade agreements that limit the use of conventional commodity price supports, many countries are revising their agricultural policies to replace or supplement such programs with agri-environmental payments. This trend is most pronounced in developed countries, but is also seen in middle-income countries such as South Africa and Mexico, and could continue to increase the magnitude of public-funded PES in agricultural areas (Food and Agriculture Organization 2007) . Multilateral development banks, aid agencies, and the Global Environment Facility have also played an important role in piloting pro-poor PES and experimenting with new innovations (e.g., Pagiola et al. 2004 , World Bank 2007 ; projects by these types of organizations are likely to continue to fulfill this role. Multilateral environmental agreements such as the Convention on Biological Diversity, Convention to Combat Desertification, United Nations Framework Convention on Climate Change, and Ramsar are also considering PES as a mechanism to achieve convention objectives. Some governments and NGOs involved in these processes are proposing PES strategies that would favor lowincome land stewards (Bracer et al. 2007 ).
Industry and consumer preferences
Many corporations and consumers who purchase ecosystem services for reasons of individual ethics or corporate social responsibility tend to favor projects that provide multiple environmental and social benefits. Corporate social responsibility and public relations are currently the biggest motivators for buyers in the voluntary carbon markets. Europe's continuing participation in these markets suggests that robust regulated carbon markets need not undermine voluntary markets that serve buyers who wish to demonstrate ethical behavior (Hamilton et al. 2007 (Hamilton et al. , 2008 . With the recent proliferation of third-party standards that differentiate projects with social and environmental co-benefits, the portion of the carbon market benefitting the poor appears poised to expand (Hamilton et al. 2008) . The standards that require social benefits and apply to LULUCF projects such as Plan Vivo, Social Carbon, and the Climate, Community, and Biodiversity Standards are breaking important ground by demonstrating how projects that benefit rural communities can be developed and sold in the global marketplace (Hamilton et al. 2008 ).
Land and resource tenure
PES is predicated on clear notions of land and resource control and excludability at the individual or community level. Without such security, land stewards may have difficulty managing land for ecosystem services, claiming compensation for the services provided, and integrating ecosystem services with other productive activities to assemble a viable livelihood strategy (Grieg-Gran et al. 2005) . In recent years, national and international policy processes, under pressure from community and indigenous rights groups, have established or formalized tenure rights for low-income rural people and communities in many parts of the world (Molnar et al. 2004 ). However, there are still many regions where such rights have not been formalized. 
Development and evolution of local institutions
Engaging in ecosystem service markets can be extremely complex, requiring technical, scientific, financial, and negotiation skills. Local institutions that can demystify PES and help communities address these challenges are critical to allow lowincome stakeholders to participate and negotiate favorable terms in PES agreements. Local institutions can also be important for facilitating collective action to allow smallholders to compete against larger service providers in national or global markets. Finally, collective management approaches may be necessary for supplying ecosystem services that are mediated at a landscape scale, including biodiversity conservation, watershed protection, and landscape beauty (Swallow et al. 2005) . Governments, development agencies, and NGOs can help establish such institutions or expand the capacity of existing institutions to serve these functions.
Scientific research and knowledge sharing
Scientific research documenting the links between ecosystem functioning and human well-being can motivate demand for ecosystem services by helping prospective beneficiaries understand the importance of investing in such services. Research is also needed to improve systems for monitoring, verifying, and quantifying the provision of ecosystem services so that buyers feel confident that they are receiving the services they purchase (Scherr et al. 2007a ). Biodiversity has proven especially difficult to measure and convert into tradable equivalency units (Agius 2001). Finally, research and extension can help low-income land stewards identify management practices that provide ecosystem services while maintaining flows of ecosystem goods such as timber or agricultural products (Scherr and McNeely 2008) .
POTENTIAL FOR PAYMENT FOR ECOSYSTEM SERVICES TO ALLEVIATE POVERTY OVER THE NEXT TWO DECADES
We next evaluate the four main ecosystem service markets and identify those market segments with the greatest potential for developing benefits to the poor. We conducted an order-of-magnitude analysis of the potential size of each market sector by analyzing data on recent market growth trends, policy and market drivers of future demand from each buyer group, and factors influencing the degree to which demanded ecosystem services could be provided by low-income land stewards (Table 2) .
Biodiversity conservation
Overall, we estimate that markets for biodiversity conservation could benefit 10-15 million lowincome households annually by 2030. Biodiversity conservation services are highly location specific; buyers are generally interested in conserving only those habitats and species that are rare, endangered, in excellent condition, or have high potential for restoration (Wunder 2008) . Throughout the developing world, however, low-income and indigenous communities occupy many of the most biodiverse and threatened lands (Molnar et al. 2004) . Thus, the poor may be the suppliers of choice simply by virtue of their location, particularly in the voluntary biodiversity markets in which buyers such as conservation NGOs are likely to use strict resource-based targeting.
Historically, government agencies have been the biggest buyers of biodiversity conservation services. However, the large majority of these payments have been in developed countries, and most have been allocated to nonpoor farmers who agree to scale back or cease agricultural operations on their land. It is unlikely that a comparably large set of public-sector payment schemes will emerge in developing countries simply because of budget constraints. However, we predict that a growing number of middle-income countries will establish and expand government PES for biodiversity or multiple objectives, as has already occurred in South Africa and Costa Rica (Turpie et al. 2008 ).
The enactment of environmental regulations could allow developing countries to stimulate new biodiversity markets without spending large sums of money. For example, Brazil's Forest Regulation establishes a legal framework to limit total forest clearance while enabling the trading of development rights on rural forest lands. Similarly, governments could require biodiversity offsets for large development projects such as mines, pipelines, plantations, and dams (ten Kate et al. 2004 ). In the near term, such offsets could be implemented through the environmental impact assessment process, which is already in place in many developing countries. At the same time, industry http://www.ecologyandsociety.org/vol15/iss2/art4/ Landscape beauty or recreation XX 0 XXX X †These are not predictions, but rather estimates of the number of low-income people that each market sector could benefit if the identified actions necessary to shape payment for ecosystem services to benefit low-income stakeholders are largely successful. XXXX -Tens of millions of low-income providers could benefit. XXX -Millions of low-income providers could benefit. XX -Hundreds of thousands of low-income providers could benefit. X -Fewer than 100,000 low-income providers are likely to benefit. 0 -The sector is unlikely to develop or will affect only a few low-income providers.
self-regulation of biodiversity impacts is advancing through forums such as the commodity roundtables (e.g., for palm oil and soybean) and international lending criteria (e.g., the Equator Principles). Such guidelines could generate sizable private voluntary markets for biodiversity conservation while building a knowledge base and market infrastructure for transitioning to regulatory markets.
Presently, most biodiversity offsets are supplied by large landowners or firms that have the skills and financing to establish marketable habitat banks. Low-income communities are unlikely to become competitive suppliers of habitat mitigation banks that require expertise in ecological restoration and permitting. However, to the extent that they control land in biodiverse areas and have low opportunity costs, such communities could be competitive suppliers of biodiversity compensation areas or reserves in which the management focus is on conserving the existing resources.
Consumer-driven markets for eco-certified agricultural and forestry products offer the greatest potential for low-income producers to benefit monetarily from biodiversity-friendly stewardship. For example, 25 million small-scale producers worldwide currently grow coffee, and it is conceivable that 20% of these farmers could participate in eco-certified production by 2030 (Forest Trends and Ecosystem Marketplace 2008) . Participation of small farmers in eco-certified agriculture remains a challenge because of the high costs of certification and monitoring in working with small landowners. However, group certification systems and other protocols are being created and refined to address these issues.
Carbon sequestration
Carbon markets have significant potential to benefit low-income land stewards. We estimate that 25-50 million low-income households could participate by 2030. This participation could be doubly beneficial if carbon sequestration were achieved through assetbuilding practices such as agroforestry and conservation agriculture, which can enhance natural resource-based livelihoods and increase smallholders' Ecology and Society 15(2): 4 http://www.ecologyandsociety.org/vol15/iss2/art4/ resilience to drought, climate change, and economic instability.
From the supply side, there is ample capacity to sequester carbon on rural lands worldwide, including those managed by low-income people. The Intergovernmental Panel on Climate Change (2007) estimates the potential for carbon mitigation in developing countries at 1.9 Gt/yr of CO 2 equivalent from the agriculture sector and 1.6 Gt/yr from the forestry sector by 2030, assuming a market price of $50/t of CO 2 equivalent.
From the demand side, the challenge is to create a market for land-use-based carbon credits that is accessible to low-income people. The carbon market is among the world's largest commodity markets, but currently only a tiny fraction of this volume is for LULUCF offsets, potentially affecting rural land stewards. Within the Kyoto Protocol's Clean Development Mechanism, afforestation and reforestation are the only allowable source of landuse-based carbon credits, representing only 6 of the 1726 Clean Development Mechanism projects registered to date, totaling less than $10 million of the $125-billion regulatory carbon market ( A second challenge is the tendency of carbon offset buyers, brokers, banks, and other institutions to favor service providers who can offer large volumes with low transaction costs and little uncertainty (Grieg-Gran et al. 2005 , Locatelli et al. 2008 ). Thus, carbon offsets have tended to focus on industrial gas reduction, renewable energy, and energy efficiency projects (Capoor and Ambrosi 2008) and, even in the realm of LULUCF offsets, to favor large-scale projects such as plantation establishment and major conservation set-asides that provide few benefits to low-income communities. Additional work is therefore needed to build and support intermediary institutions that can aggregate carbon credits from small landowners and package them for large buyers who are unwilling to accept the additional risks and costs currently associated with sourcing carbon credits from smallholders.
The future of the regulated carbon markets is under negotiation, and the parties appear poised both to allow carbon offsets from additional types of LULUCF projects, principally by reducing emissions from deforestation and forest degradation (REDD), and to create more effective mechanisms for facilitating these activities (Angelsen et al. 2009 ). Ebeling and Yasué (2008) estimate that REDD could generate $32 billion in carbon mitigation payments annually, assuming a future carbon price of $21/t of CO 2 equivalent. A growing set of stakeholders is pushing for an even broader set of LULUCF options from agriculture, forestry, and other land uses. The inclusion of additional LULUCF mitigation opportunities in global carbon regulations could significantly increase the participation of low-income communities in these markets, provided that other hurdles in the Clean Development Mechanism are also overcome.
Although the voluntary carbon market is much smaller than the regulatory market, its importance to low-income communities has been greater (Bayon et al. 2007 , Hamilton et al. 2009 ). From 2006 to 2008, the voluntary carbon market grew from $100 million to $705 million, including approximately $150 million in LULUCF offsets, and rapid growth is expected to continue (Hamilton et al. 2009 ). We expect this market segment to remain important for the poor because of voluntary buyers' frequent interest in multi-benefit projects that are appealing for corporate social responsibility and public relations purposes. Experience gained from current efforts to establish standards and methodologies for credible, transparent multibenefit LULUCF projects for the voluntary market could provide a head start for designing projects for future regulated markets. If regulated carbon markets develop to allow land-use-based offsets from developing countries, the pro-poor component of these markets eventually could far exceed that of the voluntary markets.
Watershed protection
Overall, we estimate that watershed protection PES could benefit 80-100 million low-income households by 2030. Historically, the public sector has been the largest buyer of watershed protection services, and we expect this trend to continue. To the extent that flood protection and access to clean water are public goods, the task of ensuring these Ecology and Society 15(2): 4 http://www.ecologyandsociety.org/vol15/iss2/art4/ goods usually falls to the government. The first generation of watershed PES programs in developing countries was heavily underwritten by foreign aid, loans, and international NGOs (Food and Agriculture Organization 2007). However, many of the larger programs, such as those in Mexico, Costa Rica, and Colombia, are now funded mainly by domestic sources from municipal water and electricity rate-payers, private water users, and general tax revenue. China's massive Sloping Land Conversion Program ($45 billion over 10 years) and other national and provincial PES programs in China are also funded domestically, suggesting that water-stressed, middle-income countries may be increasingly willing to self-finance large-scale PES when it is in their interest to do so.
In theory, private buyers acting on a voluntary basis should be motivated to protect watersheds to safeguard business assets such as hydroelectric reservoirs, industrial water sources, and irrigation water sources. In practice, however, the amount of revenue generated by such transactions has been relatively small (Forest Trends and Ecosystem Marketplace 2008, Porras et al. 2008) . Voluntary watershed markets are likely to grow as the clean and abundant water upon which businesses depend becomes an increasingly scarce resource in some regions. However, current impediments to market development are likely to remain, for example, the tendency of ecosystem service beneficiaries to freeride and the inability of service providers to exclude users from accessing the resource for free (Pagiola 2008) . For this reason, we expect this market segment to benefit fewer than one million lowincome land stewards by 2030.
Regulatory private markets such as water quality trading schemes have been limited to the United States, Australia, and Canada, and have benefited few poor people. Given that water pollution is a serious problem in many developing countries, it is possible that similar schemes will eventually emerge elsewhere. However, because of the complexity and administrative requirements of such regulations, we predict that they will not emerge on a large scale in developing countries over the next two decades.
Landscape beauty and recreation
In this market segment, low-income land managers are compensated for their stewardship of landscapes or wildlife that have scenic or recreational values to tourists, hunters, or fishers. For example, in and around protected areas, local communities may receive a portion of visitor fees in exchange for helping to protect or refraining from harming wildlife or scenic values. Alternatively, they may receive payments directly from tour operators for maintaining certain land uses or protecting or enhancing geographic features or charismatic species that appeal to tourists. In either case, the benefits are usually limited to communities living in or adjacent to tourist attractions or who are near enough to transport infrastructure to attract recreational users. In total, we estimate that these markets could benefit five to eight million lowincome households by 2030.
Tourism is the world's largest industry and is growing at 4.4%/yr, while ecotourism is growing at perhaps three times this rate (Bishop et al. 2008, World Travel and Tourism Council 2008) . The rapid growth in demand combined with the increasing scarcity of beautiful rural landscapes and wildlife in many countries would appear to create fertile conditions for markets involving landscape beauty and recreation to develop and expand. However, rural land stewards who seek benefits for maintaining landscape beauty often suffer from the problem of nonexcludability; that is, they cannot prevent users from enjoying these services for free. As a result, many payments for landscape beauty and recreation to date have been more similar to benefit-sharing schemes or community-based natural resource management than true PES.
Although there are several factors currently limiting the pro-poor potential of this market segment, these issues are not insurmountable. First, rural communities must have the right to control access to scenic and recreational resources and to enter into agreements with tour companies and other users to purchase access rights. In cases in which such rights have been established, wildlife and local communities alike have often benefited. For example, Zimbabwe's CAMPFIRE program for wildlife management yielded $20 million from sales of wildlife access rights to hunting and safari operators, benefitting 120,000 households over a 12-year period (Frost and Bond 2008) . Second, hunting, fishing, and park entrance fees collected http://www.ecologyandsociety.org/vol15/iss2/art4/ by government agencies could be better targeted so that instead of being channeled to general revenue funds, the fees support sustainable management of the resources through payments to local resource stewards. Third, many rural communities will require additional technical support to manage tourism and recreation demand and to capture an equitable portion of the revenue that these activities generate (Bishop et al. 2008) . Finally, in cases in which resource stewardship is provided at the community level, fair and transparent systems are needed to avoid corruption and to disperse revenue to individual beneficiaries or legitimate communitylevel investments (Lindsey et al. 2007 ).
CONCLUSIONS
These numbers represent best current estimates of the size and shape of pro-poor ecosystem service payments and markets, but they are very much in flux. There is a flurry of new initiatives in the pipeline from agencies such as international development banks, the Global Environment Facility, the United Nations Development Programme, and the United Nations Environment Programme; national and municipal governments; private investment firms; and companies seeking to secure critical natural resources or offset environmental impacts.
Exactly how low-income groups will be involved in these initiatives, and what real benefits they will receive from doing so, is unknown. As enumerated here, ecosystem service markets present many potential opportunities for low-income land stewards in developing countries. If these markets reach their maximum pro-poor potential, it is conceivable that as many as 150 million low-income households (600-800 million rural poor) in developing countries could participate by 2030. As such, these markets could benefit a substantial portion of the two billion rural poor worldwide who live on less than $2/day. This would represent annual payments to rural households and communities on the order of $20-30 billion/yr, again, a non-negligible contribution compared to the $120 billion in Official Development Assistance provided in 2008 (Organisation for Economic Cooperation and Development, unpublished data, htt p://www.oecd.org/dataoecd/48/34/42459170.pdf).
Without proactive efforts to shape ecosystem service payment systems and markets, however, there is no reason to believe that low-income land stewards will receive more than a small share of the total spending. Rather, more powerful groups will capture benefits through privileged roles in shaping the rules, access to technical and market information, access to capital for investment and institutional development, and economies of scale in organization. As ecosystem service markets grow and consolidate, the current situation represents what is likely to be a brief window of opportunity to influence evolving market institutions in ways that will realize their potential to benefit the poor. Many of the key leverage points for fostering propoor PES have been highlighted in other recent articles; these include actions by governments, NGOs, and pro-poor advocates in the areas of policy design, institutional support, scientific research, and project innovation (Table 3 ).
In conclusion, we highlight two especially important factors that will influence the pro-poor potential for ecosystem service markets. The first is the future of international agreements and national legislation for climate action. Agriculture and land use offer one of the greatest short-term opportunities to reduce and sequester greenhouse gases on a large scale. Linking LULUCF sequestration financed by major emitting countries and companies directly with initiatives for climate adaptation and the Millennium Development Goals could benefit large numbers of low-income land stewards by helping them restore degraded lands and forests and convert to more productive, sustainable farming systems (Scherr and Sthapit 2009) . Although REDD advocates have strongly promoted avoiding deforestation in climate action frameworks, there is as yet no comparable international advocacy effort to mobilize carbon sequestration by farmers and farming communities linked to poverty reduction. However, the scale of pro-poor participation in the carbon markets depends heavily on the availability of a range of LULUCF mitigation options, including those associated with agriculture.
The second short-term policy priority to support pro-poor PES is to address the tenure rights of the poor in relation to markets. The allocation of rights to manage, buy, and sell ecosystem services is still poorly defined in most countries; in some places, the prospect of new revenue sources from ecosystem service markets is encouraging governments to claim such rights for themselves or for elite political allies. Equitable and well-defined tenure rights can help ensure that PES does not Table 3 . Key leverage points for shaping pro-poor payment for ecosystem services (PES). We define these as factors that are both critical to the future shape of ecosystem service markets and amenable to influence through programs of advocacy, support, or investment. 
